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I. INTRODUCTION 

/6754 
manual  p re sen t s  operational information for the  computer  p rogram 

used  to  design l iquid meta l  condensers  desc r ibed  in Repor t  PWA-2320, 
Analytical  Study of Liquid Metal Condenser ,  Volume I, "Design Study". 
That r e p o r t  d i scusses  the overal l  philosophy and  logic of the  computer  
p rogram.  The p resen t  manual  cove r s  the following i t ems  in detail: 

1) Input fo rma t  and  instruct ions,  
2) Pr in tout  fo rma t ,  
3) Computer  flow d iag ram (Appendix 6 ) ,  and 
4) Lis t  of computer  s ta tements  (Appendix 5) .  

For a pa r t i cu la r  s e t  of flows, thermodynamic end s t a t e s ,  and  c r o s s -  
sect ional  geomet r i e s ,  the p rogram genera tes :  

1) Tube length, 
2) C o r e  weight and  volume, 
3) P r e s s u r e  l o s s e s  of both fluids, and 
4) Tempera tu re  profiles of both fluids along the  length of the 

condenser,  

The  p rogram is l imi t ed  to: 

1) 

2 )  
3 )  

Condensing fluid flow inside of tubes and coolant flow along the 
outside of tubes ,  
Single-pas s counter  flow cooling a r r angemen t ,  
Diameters  of tubes and shell e i ther  varying o r  constant with 
length,  but not varying shell d iameter  with constant tube dia-  
m e t e r ,  and 

4) Equilate,ral t r iangular  tube pat tern.  

This  p rogram i s  coded in F o r t r a n  11. 

1 
I 
d 
8 
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11. CARD INPUT INSTRUCTIONS 

A. Instruct ions for  F i r s t  C a s e  

Enter  the c a r d s  in the following o rde r :  

- ---- 

1. Ti t le  C a r d  - 

Enter  t i t le in Columns 2 through 72 .  

2 .  Control C a r d  

PWA-2370 

The outline below shows the field locations of the var ious i tems  
used  to control the program.  
1 and 2 .  

The symbols  a r e  defined in Tables  

All i t ems  mus t  b e  en tered  as fixed point r ight adjusted numbers .  

Symbol Ins t r uc t ion 

N - Enter  the des i red  number of increments  in the conden- 
sing sect ion (mus t  b e  a n  integer  g r e a t e r  than z e r o )  

M - Enter  the des i red  number of increments  in the subcool- 
ing section (mus t  b e  a n  integer  g r e a t e r  than z e r o )  

K U R V E  1-15 - Enter  one ( 1 )  in each location - This in s t ruc t s  the 
machine that it will rece ive  input on all proper t ies  in 
tabular  form ( s e e  c u r v e  c a r d s )  

ICHANG - Enter  ze ro  (0 ) .  This i n s t ruc t s  the machine that a 
m a s t e r  c a s e  is being loaded into the machine.  
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Ins t ruc  t ion - Symbol 

IKON - Enter  one ( 1 )  i f  it is des i r ed  to use  Option I to ca lcu la te  
condensing hea t  t ransfer  coefficients.  

Enter  two (2 )  i f  it is d e s i r e d  to  u s e  Option I1 to ca lcu la te  
condensing heat  t r ans fe r  coeff ic ients .  

Enter  t h r e e  ( 3 )  i f  i t  i s  d e s i r e d  to  u s e  Option 111 to  ca l cu -  
l a t e  condensing heat t r a n s f e r  coeff ic ients .  

These  t h r e e  options a r e  descr ibed  in Appendix 2. 

ISC HR J - Enter  one ( 1 )  if it is d e s i r e d  to take Schrage  effect into 
account .  See Appendix 2 .  

Enter  z e r o  ( 0 )  if Schrage  effect  i s  to  b e  neglected.  

ITERAT - Applies only to  tapered heat .  exchanger equations.  Ignore 
for constant  -diameter  exchanger .  

Enter  one ( 1 )  if program i s  to ca lcu la te  incrementa l  
lengths in the condensing sect ion using an  i te ra t ive  
procedure .  
Repor t  PWA-2320, Volume 1 ,  Section V. This p roce -  
d u r e  accounts  for tube and shel l  t a p e r s  in each inc re -  
ment .  

This i t e ra t ive  procedure  i s  descr ibed  in 

Enter  z e r o  ( 0 )  if the incrementa l  lengths in the conden- 
sing sect ion a r e  to b e  calculated using a noni terat ive 
procedure .  
ment  has  constant she l l  and tube d i ame te r s .  
of d i ame te r  for  each increment  a r e  determined as a 
function of length f rom the tube en t rance .  

This procedure  a s s u m e s  that each i n c r e -  
The values 

ITRATN - Applies only to  tapered heat  exchanger equations.  Ig- 
n o r e  for  constant-diameter  hea t  exchanger.  

Enter  one ( 1 )  i f  the incrementa l  lengths  in the subcool- 
ing sec t ion  a r e  to b e  ca lcu la ted  using the i te ra t ive  p ro -  
c e dur e .  

CAQLNO. 3 
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Ente r  z e r o  ( 0 )  if incremental  lengths  in the subcooling 
sect ion a re  to  b e  calculated using the noni terat ive pro- 
c e dur e .  

LIMIT - Applies only to tapered heat exchanger equations.  Ig- 
nore  for constant-diameter  hea t  exchanger .  

Enter  the maximum number of i t e ra t ions  des i r ed  for  
any one condensing sect ion inc remen t  if the i terat ion 
procedure  i s  to  be used.  
dure  i s  used .  

Ignore if noni terat ive proce-  

LIMITN - Applies only to tapered hea t  exchanger equations.  Ig- 
nor  e f o r  constant -diame t e r  hea t  exchanger .  

Enter  the maximum number of i t e ra t ions  des i r ed  for any 
one subcooling section increment  if the i terat ion p ro -  
cedure  i s  to be  used. 
is used.  

Ignore i f  noni terat ive procedure  

3. Data C a r d s  --- 
Six data c a r d s  a r e  en tered  with the fo rma t  shown below (nomen-  
c l a t u r e  i s  l i s t ed  in Table 1) .  
mode in  the field widths indicated. 

All data  in input is in floating point 

4. Curve  C a r d s  ( 3 4  C a r d s )  

The var ious  fluid propert ies  used  in the p rogram a r e  en tered  as 
functions of e i ther  tempera ture  o r  p r e s s u r e .  
p rope r t i e s  and  the i r  independent var iab le .  
a r e  as follows: 

Table 2 l i s t s  the 
The input instruct ions 
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1-14 15 -28 29-42 43-56 57 -70 
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TEMP1 

Curves  one ( 1 )  to twelve (12), and  c u r v e  fifteen (15)  each r e q u i r e  
two input c a r d s .  The f i r s t  c a r d ,  a n  a b s c i s s a  c a r d ,  contains five 
values  of independent var iable  ( t empera tu re ) ,  a r r a n g e d  in i n c r e a s  - 
ing o r d e r  of magnitude. The second,  a n  ord ina te  c a r d ,  contains  
five values of the dependent var iab le ,  a r r a n g e d  in a n  o r d e r  c o r r e s -  
ponding to  the a b s c i s s a  values.  
for  KURVE 1 through 12 and 15 a re  en te red  in floating point mode ,  
in the field widths shown below. 

See  sample  below. All c u r v e  values 

TEMP2 TEMP3 TEMP4 TEMP5 
f( TEMP1)  f( TEMP2) f( TEMP3) f( TEMP4)  - - f( TEMPS) - I__ 

Curves  th i r teen  (13) and  fourteen (14) each r e q u i r e  four input 
c a r d s .  
five values of the independent var iab le  ( i .  e . ,  t e m p e r a t u r e  o r  p r e s -  
s u r e ) ,  a r r a n g e d  in increasing o r d e r  of magnitude. The l a s t  two 
c a r d s  a r e  ord ina te  c a r d s ,  each containing five values  of the de-  
pendent var iab les  a r r a n g e d  in a n  o r d e r  cor responding  to  the a b -  
scissa values .  See  sample  below. All c u r v e  \,,*lues a re  en tered  
in floating point mode and in  the field widths indicated.  

The f i r s t  two c a r d s  a r e  a b s c i s s a  c a r d s  each containing 

1 - 14 15-28 29 -42 43-56 5 7  -70 

T E M P  1 T E M P  2 TEMP 3 T E M P  4 
T E M P  6 T E M P  7 TEMP 8 T E M P  9 T E M P  10 

vapor densi ty1 vapor dens i ty2  vapor densi ty  3 vapor density 4 vapor density 5 
vapor densi ty  6 vapor density 7 vapor dens i ty8  vapor densi ty  9 vapor  densi ty  10 

T E M P  5 -- 

.. --- 

1-14 

For  KURVE 14 
I 

15 -28 29 -42 43-56 57-70 

p r e s s u r e 1  
p r e s s u r e  6 
sat t emp  1 
sat t emp  6 

p r e s s u r e  2 p re s su re  3 p r e s s u r e  4 p r e s s u r e  5 
p r e s s u r e  7 p r e s s u r e  8 p r e s s u r e 9  p r e s s u r e  10 
s a t t e m p  2 sat temp 3 sat t e m p  4 s a t  t e m p  5 
s a t  t emp  7 s a t  t emp 8 s a t  t e m p  9 s a t  t e m p  10 

Note: 
ly wide s ince  the curve- reading  subrout ine will  not extrapolate  
c u r v e s .  
which a r e  beyond the input range of the c u r v e s ,  a n  e r r o r  printout 
will  r e su l t  and all calculations on that c a s e  will  c e a s e .  

The range  of the independent var iab les  should be sufficient-  

If the  computer  calculates  values  of independent var iab les  

?AGE NO. 5 
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B .  Instructions fo r  Each Succeeding C a s e  - 

This procedure  should be  used  if  it is des i r ed  to run  a number  of c a s e s  
in one loading when only a few input i t ems  a re  changed. 

Load c a r d s  immediately behind the preceding c a s e  in the following 
order: 

1. Tit le C a r d  

2 .  Control C a r d  - 

N - Enter  number of increments  in the condensing 
sect ion (mus t  b e  a n  integer g r e a t e r  than z e r o )  

M - Enter  number of increments  in th.e subcooling s e c -  
tion (mus t  be a n  integer g r e a t e r  than z e r o )  

K U R V E  1 - 15 - Enter  z e r o  ( 0 )  in appropr ia te  column if c u r v e  f rom 
preceding c a s e  i s  to b e  used unchanged 

Enter  one ( 1 )  in appropr ia te  column i f  it is d e -  
s i r e d  to change cu rve  f rom preceding c a s e  

ICHANG - Enter  one ( 1 ) .  This ins t ruc ts  the machine that 
one o r  m o r e  input i t ems  f rom the previous c a s e  
will b e  changed 

IKON, ISCHRJ, ITERAT, ITRATN, LIMIT, LIMITN - Enter  value 
for des i r ed  options as  descr ibed  for f i r s t  c a s e  

3 Input Change C a r d s  ----- 

F o r  each input i tem on data c a r d s  to be  changed f rom preceding 
c a s e ,  en te r  a c a r d  with the input as  follows: 

a .  Column ( 1 - 2 )  - Identification number of var iab le  to b e  
changed ( s e e  Table  1 ) .  
a s  a fixed point r ight  displaced number  

Identification number mus t  b e  en tered  

b .  
mode.  

Column ( 3 - 1 6 )  - New value of input i tem in floating point 

P A Q E  NO. (1 
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4. Blank C a r d  

5. Changed Curve  C a r d s  

Each c u r v e  to be  changed requi res  a b s c i s s a  and  ord ina te  c a r d s  as 
previously descr ibed .  
a r r a n g e d  in ascending o r d e r ,  ( i .  e . ,  if it is d e s i r e d  to change 
KURVES 1 and 3 then the two c a r d s  f o r  KURVE 1 mus t  be  placed 
f i r s t ,  followed by the two ca rds  for KURVE 3). 

All such s e t s  of c u r v e  c a r d s  are to b e  

C .  Instructions to End Deck --- 
After the l a s t  c a s e  input, place an additional blank c a r d ,  then a c a r d  
with a minus sign ( - )  in column one and a one ( 1 )  in column two. 
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111. PRINTOUT FORMAT 

A s a m p l e  of the printout f o r m a t  of the p rogram i s  shown in Table  3 .  
The information contained in this fo rma t  i s  a r r a n g e d  in  t h r e e  blocks 
which appea r  in the following o rde r :  

Block 1 

A tabulation of the input data.  
for the f i r s t  c a s e .  
w e r e  changed f rom the preceding c a s e  are  pr inted.  The s y m -  
bo l s ,  definitions and units fo r  the input data appea r  i n  Table 1 .  

All proper ty  c u r v e s  a r e  l i s t ed  
On al l  other c a s e s  only the c u r v e s  which 

Block 2 

Tabulations of the local  conditions a t  each  increment  along the 
length of the condensing and subcooling sec t ions .  

Block 3 

A tabulation of the final calculated values  of the important  p a r a -  
m e t e r s .  The symbols ,  definitions and units of t hese  final c a l -  
culated values are  l i s t ed  in Table 4.. 

A .  Description of Block 2 - -- 

The local  conditions a t  each increment  along the length of the condensing 
and subcooling regions a r e  printed out in four  different s ec t ions .  
of t hese  sect ions is descr ibed  below and the cor responding  printout 
fo rma t  for each sect ion is given in Table 5. 

Each 

1.  Condensing Section 

The f i r s t  pr inted l ine below the column headings desc r ibes  the 
conditions a t  the inlet to the f i r s t  increment  of the condensing r e -  
gion. It should b e  noted that the tube fluid inlet  p r e s s u r e  of this  
increment  i s  the s ta t ic  p r e s s u r e  of the condensing fluid a f t e r  the 
en t rance  p r e s s u r e  l o s s  has  been ca lcu la ted .  The tube fluid inlet .  
t empera tu re  is the saturat ion t e m p e r a t u r e  cor responding  to  the 
inlet  s ta t ic  p r e s s u r e .  The next N pr inted l i nes  (N = number of 
increments  in the condensing reg ion)  desc r ibe  the local  conditions 
a t  the exit of each increment  along the length of the condensing r e -  
gion. 
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2. Condensing Section (continued) - 

This section contains additional information about the inlet  to the 
f i r s t  increment  of the condensing region and the exit of each of the 
N increments .  
increment  identification. 

The tube fluid qual i t ies  are  repea ted  for e a s e  of 

3 .  Subcooling Section 

The f i r s t  printed l ine below the column headings desc r ibes  the con-  
ditions a t  the inlet  to the f i r s t  increment  of the subcooling region. 

The next M printed l ines  ( M  = number of increments  in subcooling 
region)  descr ibe  the local  conditions a t  the exit of each increment  
along the length of the subcooling region. 

4.  Subcooling Section (continued) --- -- 
This section contains additional information about the inlet  to the 
f i r s t  increment  of the subcooling region and the exit of each of the 
M inc remen t s .  The tube fluid t empera tu res  a r e  repea ted  for e a s e  
of inc r em ent i dent i fic a t  ion . 

In the event that an e r r o r  was made i n  the input to the p rogram,  such 
that the r e su l t  violates ce r t a in  program r u l e s ,  then a n  e r r o r  printout 
will occu r .  The detai ls  of e r r o r  printouts a r e  descr ibed  in Appendix 4. 

PAOC NO. 9 
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APPENDIX I 

Tables 
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1. 
I 
I 
8 
8 
8 
I 
I 
I 
8 
I 
8 
I 
8 
I 
I 
I 

Ident - 
Symbol Number -- 
WTDOT 
TINT 
TOUTT 
TOUTS 
XINT 
XOUTT 
ALPHA 1 

ALPHA 2 

WSDOT 
T TS 
TS 
DT 
TW 
B 
ZNT 
PHUJ 

PINT 
ZNRO 

R TW 
R S W  
R TS 
AFUDGE 
SIGMA 

ZMOL 
GAMT 
GAMS 
DIMIN 

8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 
23 

24 
25 
26 
27 
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TABLE 1 

Input Data 

Definition -- 
total weight flow through tubes ,  l b / h r  
inlet  t empera tu re  of tube fluid, "F  
outlet t empera tu re  of tube fluid, "F 
outlet  t empera tu re  of shel l  f l u id , .  "F 
inlet quality of tube fluid 
outlet  quality of tube fluid* 
s u m  of entrance p r e s s u r e  loss coefficients for 

s u m  of exit p r e s s u r e  loss coefficients for  flow 
through s h e l l  ( s e e  Appendix 3 )  
total weight flow of fluid through she l l ,  l b / h r  
thickness of tubesheet ,  inches 
thickness of shell  wal l ,  inches 
inside diameter  of tube,  inches 
tube wall thickness ,  inches 
shell  blockage ( s e e  Appendix 3 fo r  detai ls)  
total number of tubes 
tube entrance loss  coefficient modif ier  ( s e e  

Appendix 3 for detai ls)  
inlet p r e s s u r e  of tube fluid, psia 
number  of tube rows (see Appendix 3 for  de-  

density of tube wal l ,  l b / f t 3  
density of shel l  wal l ,  l b / f t 3  
density of tube shee t ,  l b / f t3  
constant defined in Appendix 2 
Schrage ' s  condensation coefficient ( s e e  Appen- 

molecular  weight of tube fluid 
tube taper ( s e e  Appendix 3 for  de ta i l s )  
shel l  taper  ( s e e  Appendix 3 f o r  de ta i l s )  
minimum allowable tube inside d i ame te r ,  inches 

flow through shel l  ( s e e  Appendix 3)  

t a i l s )  

dix 2 )  

* If XOUTT>O, then calculations of expansion p r e s s u r e  l o s s e s  a t  
exit  a re  based  upon liquid portion of flow only 

CAQC NO. 11 



TABLE 2 

Definition of Independent and Dependent Variables  

The c u r v e  c a r d s  a re  en tered  in the o r d e r  l i s t ed .  

PWA-2 370 

Kurve 1 

Kurve 2 

Kurve 3 

Kurve  4 

Kurve 5 

Kurve  6 

Kurve  7 

Kurve 8 

Kurve  9 

Kurve  10 

Kurve  11 

Kurve  12 

Kurve  13 

Kurve  14 

Kurve  15 

Number of 
C a r d s  - 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

2 

IndeDendent Variable  Dependent Variable  

t empera tu re  of vapor 
in tube, OF 

t empera tu re  of vapor 
in tube, O F  

t empera tu re  in vapor 
in tube OF 

t empera tu re  of liquid 
in tube, O F  

t empera tu re  of liquid 
in tube, OF 

t empera tu re  of liquid 
in tube, OF 

t empera tu re  of l iquid 
in tube, O F  

t empera tu re  of l iquid 
in shel l ,  O F  

t empera tu re  of liquid 
in she l l ,  O F  

t empera tu re  of l iquid 
in shel l ,  OF 

t empera tu re  of liquid 
in shel l ,  OF 

saturat ion tem pera tur  e 
of fluid in tube,  OF 

t empera tu re  of vapor 
in tube, OF 

saturat ion p r e s s u r e  of 
fluid in tube,  psia 

t empera tu re  of tube 
wal l ,  O F  

CAOE NO. 12 

specific hea t  Cp  of vapor 
in tube, Btu / lb  O F  

dynamic viscosi ty  of vapor 
in tube, l b / h r  ft 

t he rma l  conductivity of 
vapor in tube,  B t u / h r  ft O F  

specif ic  heat of liquid 
in tube,  Btu / lb  " F  

density of l iquid in tube,  
l b / f t3  

dynamic viscosi ty  of 
liquid in tube,  l b / h r  f t  

t he rma l  conductivity of 
liquid in tube,  B t u / h r  f t ° F  

specific heat  of l iquid in 
she l l ,  Btu / lb  O F  

density of liquid in she l l ,  
l b / f t 3  

dynamic viscosi ty  of 
liquid in she l l ,  l b / h r  ft 

t he rma l  conductivity of 
l iquid in she l l ,  B t u / h r  f t°F 

latent  heat  of vaporization 
of fluid in tube, Btu / lb  

density of vapor in tube,  
l b / f t3  

sa tura t ion  t empera tu re  
of fluid in tube,  'F 

t he rma l  conductivity of 
tube wall m a t e r i a l ,  
B t u / h r  ft OF 



WBllIY _ _ _ _ _ _  H-ILJBE H _ S H L u _ -  OYLRALL HEAT R E  TUBE 
T R A h S .  COEFF U V A P O R  

F Q f l  n - R U R S t  04 0 - 5 5 5 3 9 F  0 4  L 2 Z l Z E  04 0,18278E 05 
0 k 8 0 9 2 5 E  00 O.fl6846E 0 4  0.55797E 0 4  0.27621E 0 4  0.1R364E 0 5  
8 , 7 E B 5 D € _ D D _ _ D , 9 D D 5 4 L _ 9 , 5 4 9 4 4 €  04 0 - 2 3 0 3 7 E  0 4  0,18403E 05 
O-76775E 00 0,93013E 0 4  0.56273E 0 4  0 . 2 8 4 1 2 t  0 4  0 . 1 8 3 9 6 t  0 5  
0 ~ 7 4 7 0 4 € _ C D _ - D , 9 5 7 3 1 L ~ _ D , 5 6 ~ E ~ L 0 4  -D,2E752E 0 4  Om18348E 0 5  
0 1 7 2 6 2 5 E  00 0.98225E 0 4  0 .5668f l t  0 4  0 .29062k 0 4  0.18263E 05  
Q-7055QEXlL 0 - 1 0 0 4 9 F  0 5  0-56R7RF 0 4  0 2  p 3 4 1 L Q 4  QmlBL42E 05 
0 1 6 8 4 7 5 E  C O  0.10254E 05 0.57058E 0 4  0.29599E 0 4  0.1798flE 0 5  
OL65400E CC Q.n1933BED5--D-5123DE 0 4 -  D.29831E 0 4  Om178Q3E 0 5  
8 L 6 4 3 2 5 E  0 0  0.10601E 0 5  0.573936 0 4  0.3C043E 0 4  0.17588E '35 
0,62250€ 6 0 _ . _ Q , l Q 7 4 3 3 L D 5 - _ D ~ 5 K 5 5 D ~  D4 Qm30233k 0 4  Om17346E. 0 5  
O L 6 0 1 7 5 E  00 0.10865E 0 5  0.57701E 0 4  0.30405E 0 4  0.17076E 0 5  
Oa!iURQL---E (Ik 0116761E 05 
0.56025E 00 0.11048E 0 5  0.57985E 0 4  0.30694E 0 4  0.16461E 0 5  
L 5 3 9 5 Q € _ Q Q - -  0~111DT+_D5~_D~TE1~DL D3.._Dm306UE 0 4  0.16117k 05 

0190054E 0 4  0,56044E 0 4  0,28037E 04 0.184Q3E 05 0,64077E 04 0.30227E 0 1  0.59090E-02 0,76775E 00 _ - - _ _ _ - _ - - - - - 

8 i 9 5 7 3 1 E  0 4  L 5 6 4 8 7 E  0 4  0,28752E &4 0.18348E 05 0,60801E 0 4  0.3R132E 0 1  0.58953E-02 0.72625E 00 - . - _ _ - _ - - - - _ - - 
0 L 9 3 0 1 3 E  0 4  0.56273E 0 4  0.28412E 0 4  0.18396E 05 0.65470E 0 4  0.38169E 01  0.59077E-02 0.74700E 00 

R t i  SHELL 

0 . 6 1 0 6 2 t  04 
0.62612E 0 4  

0.65470F 0 4  

0.68078E 0 4  

0.70491E 0 4  

0.72751E 0 4  

0.74887L 0 4  
0.75916E (14 
0 . 7 6 9 2 1 t  0 4  

0.44077E 0 4  

0.46901E 0 4  

0.69306E 04 

0 . 7 1 6 3 8 t  C4 

0.73C33E 0 4  

0.77906E 0 4  
8.51875E 0 0  0 . 1 1 1 5 0 t  0 5  C.5e251E 0 4  0.30914E 0 4  0.15750E 0 5  0.78b73F 0 4  

&~Sb5Q€-Qo 0 - 1 1 1 5 4 F  fl5 0-58633' L f I d U L l E  Q4 L L 4 5 U E  05 0,alfiZlE 4 4  
0.43575E-00 0.11116E 0 5  0.58741E 0 4  0.3115.8E 0 4  0.14062E 0 5  0 . 8 2 5 8 8 t  C4 
9~41600E~OO~ _D~l lC5_7L~DI__C,58E51E.D4  4 - 3 1 1 7 7 E  0 4  0 - 1 3 5 8 8 E  0 5  0.83487E 04 
8.39425E-00 0.10979E 0 5  0.58970F 0 4  0.31178E 0 4  0.13094E 0 5  O.04378E 0 4  

S T A T I C  INCRE-MENTAL _ _ - - - _ _ _ _  ___. _ _ _ _ _ _ _ _ _ _ _ _ _  
PRESSURE DP FRICTION - 0 . 3 8 4 0 7 t  0 1  - 

0.383071: 0 1  0.59003E-02 
3.38227E 0 1  0.59090E-OZ 
0 . 3 d 1 6 9 t  0 1  0 . 5 9 0 7 7 t - 0 2  

0.3d124k U-. 0 . 5 8 3 4 5 t  - 0 2  
0 . 3 d 1 5 4 t  0 1  0 . 5 7 9 1 5 t - 0 2  
0.33201E 01 LbLL772k-U ' 
0 .38270k 0 1  0.60443L-02 

A 1 1 4 9 5 F  95 Qe87014E. Q+ -Q.$L411?L 0 1  0 - 4 4 5 6 7 E - 0 2  
0 .10924t  0 5  0.87892E 0 4  0 . 4 1 7 8 8 t  01  0 .42956L-02 
DJl.0335E 0 5  9,84768E 0 4  - 09431DOE 01- _4._41288k-L. _ _ _ -  
0.97266C 0 4  0.89b46E 0 4  0.42413E 0 1  0.39561E-02 
h 9 0 9 9 8 E  0 4  0*905ZBf_ 93 _ Q d L 7 2 5 2 _ 4 1 _  0.3-7772F~OZ 
0.84543E 0 4  0.91417E 0 4  0.43034E 01  0 .3591At -02  

&77994€ 9 4  QzPD_L6LD4 0.43338E 0 1  0 .339_93~-07 
0.71068E 0 4  0.93228E 0 4  0.43634E 0 1  0.31988E-02 

Qd2(1750E:nl L 3 0 9 4 I E  116 0,610_+ D4 0.18508E 0 4  0.89444E 0 3  0.10208E 0 5  0.45353E 0 1  - O d O 8 1 7 E - 0 2  - -  _ _ -  _ _ _ _ _ _ _ _ _  
8 ;  0.50365E 0 4  0.61214E 0 4  0.24112E 0 4  0. 0.10366E 05 0.45481E 01 0 .39109E-03,  

__ _ _  
TUBE F L U I C  SHELL F L L I O  
Z E U P E R A f U R E  TEMPERATURE 

0.12010E 0 4  0.100351: 0 4  
0.11600E 0 4  0.1002OE 0 4  
0.11190E 0 4  0.10C04E 0 4  

OL10370E 0 4  0.99740E 0 3  
Q.JO~BE n4 0.99a92~ a3 

- - - - - - - - - - - - _ - 
SUBCOOLING StCTION 

_ -_ - ._ ___ - 
TUYE 1.D. SHELL 1.0. RLCCKAGE P/D INCAEMENTAL INCREMENTAL 

LENGTH RP TUBE - - - - - - _ _ _ _ _ _ _ _ - 
0 .33748€-00 0.46773E 01  0 . 3 3 7 2 8 t - 0 0  0.16398E 01 
0-33457E-00 0.46570E 0 1  0.33538E-00 0.16444E 0 1  0.10286E-00 0.10646E-04 _ -  _ _ _  _ _ _ _ _ _ _ _ _  
0.33093E-00 0.46308E 0 1  0 . 3 3 2 9 4 t - 0 0  0.16505E 0 1  0.13190E-00 0 . 1 4 3 1 l L - 0 4  
0-3255E-Qfl Qa45942E 01 9.32948E-00 0.16591E 0 1  Q ~ L e ! Z 7 k f l ( L 4 1 2 1 4 5 6 L - L - -  
0 . 3 1 6 6 l L - 0 0  0.45315E 01  0.32347E-00 0.16744E 01  0.31669E-00 0.40763E-04 



BWCK I 
SAMPLE PRINTOUT 

~ L Y  LURE- - ~ _ _ _ _ _ _ _ . .  

QL94000F 0 3  0.114CCE 04  0.13400E G4 0.154OOF 0 4  0.174OOt. 0 4  
QL69600E-C# D,~~lIIIIL-I1L_-D~IIDICOE-02 0 . 8 4 9 0 0 t - 0 2  0.89500E-OL 

- 

. 

SIB CUPYE _ _  . 

0 ~ 9 4 0 0 0 E  0 3  0.114COE 04  0.134COE 0 4  O.15400E 0 4  0.174006 0 4  
O b 4 4 8 6 9 f  02-__-C,ft33Ulf_a2__-D~~l~~~. 02 0.40500E 02 0.39230C 02  

l3IH C U R V E  
8'19QOOQE - R Q L o 3 f & f E  QL-LlQ5QQL 114. 0*11000t 0 4  

O L 1 1 1 0 0 E - C Z  0.16800€-Q2 C 2 5 4 0 O E - 0 2  0.37100E-02 0 . 5 2 7 0 0 t - 0 7  
0.72600E-02 C.992COE-02 0.132COE-01 0.17300E-01 0.222AOt-01 

Q.11500E 0 4  0 . 1 2 0 0 0 t  0 4  0.1750CE 0 4  0 . 1 3 0 0 0 t  0 4  0 o 1 3 5 0 0 t  0 4  

OUALJ.TY 

B L B ~ O O O E  oa 
O i 8 0 9 2 5 E  0 0  
eU38810L I20 
Ob76775E O C  
8;147QO€ QO 
OL72625E 0 0  
h7055OE 0 0  
816847SE 0 0  
tX46400E M 
Qb64325E 0 0  
QL62250E OC 
Q'b60175E 0 0  
0 ~ 5 a i o o ~  O Q  
e b 5 6 0 2 5 ~  00 
8.53950E 0 0  
0L51875E 0 0  
QL49800E-00  
OL 47725E-00 
@L 45 6 50 E-0 Q 

L4l!iflW?QlL 
Qo 3 9 4 2  5E-0 0 
Q r 3 7 3 5 0 E - 0 0  

O ~ Q ~ S ~ ~ E - O O  

O b  35275E-00 
~ ~ ~ O O E - O O  

e , 3 1 1 2 5 ~ - 0 0  
BL29050E-OC 
O i 2 6 9 7 5 E - 0 0  
0 4 2 4 9 0 0 E - 0 0  

TLRE F L U I Q  W L L  FLUID 
TEMP TEMP 

0.11756E 0 4  0 ~ 1 1 4 6 3 E  0 4  
n A . l I 5 z E  0 4  L114z?E_aL 
0.11749E 0 4  0 . 1 1 3 9 0 t  0 4  
Q . l l 7 4 7 E  Q4 L 1 1 3 5 X  Q4 
0.11745E 0 4  0.11316E 0 4  

0.11745E 0 4  0.11243E 0 4  
- 0 , 1 1 1 4 6 t  04 lI,ll?OhF&-- 

0.11748E 0 4  0.11170E 0 4  
0.11750E 0 4  0111133€ 0 4  
0.11754E 0 4  Oo11096E 0 4  

n . 1 ~ 7 5 4 ~  04 o A x a E  QA 

a . 1 1 7 4 4 ~  0 4  O , L ~ L ~ Q E  0 4  

0.1175RE 0 4  O,UD59€ 0 4  
0.11763E: 0 4  0 . 1 1 0 2 3 t  0 4  
I l L L Z a 4 E  Q4&1Q984€ 04 
0.11776E 0 4  0110949E 0 4  
Q L U 7 8 3 E  0 4  0-10913€ 0 4  
0 . 1 1 7 9 1 t  0 4  0 -10876E 0 4  
Q,11749E Q 4 - - 0 1 1 0 8 3 9 €  0 4  
0.11809E 0 4  0 .10803 t  0 4  

- I L l . U u J L a 4 0 . 1 1 1 1 6 1 k  u- 
0 .11828 t  0 4  0.107296 0 4  

0.11849E 0 4  0 . 1 0 6 5 6 t  0 4  

0 . 1 1 8 7 1 t  0 4  0.10583E 0 4  
_.IL11EB2L Q!O,EAb€  0 4  

a , u 8 3 8 t  0 4  a i a u 3 ~  04 

o.Lia6oE 0 4  O ~ ~ C ~ J O E  0 4  

0.11893E 0 4  0.10510E 0 4  
D.11904k 0 4  0,10473f 0 4  

Q A 8 0 O O E  0 0  
0.65990E 00  
OA4122E OQ 
0.62512E 0 0  

0.59573E 00  
0.58257E OQ 
0.57027E 0 0  
Q&872€ LU1- 
0.54782E 0 0  
0.53752E 0 0  
0.52774E 0 0  

0.50954E 0 0  

0.49290E-00 
0 .48507E-00  
0.47754E-00 
0.47026E-00 
0 .46323E-00  

0 .44981E-00  

0 .43711E-00  
0.43100E-CO 
0 .42502E-00  

0.41340E-00 
0.40774E-GO 

0.6~986~ aa 

0.51843E 0 0  

0.50105E 00  

4,44642€- 0 Q 

0 e44338E-00 

Q,%191h€-Q 0 

SHELL 1.R. BLOCKAGE 

0.70706E 01  0.50000E 00 
0.69302E 01 0.49295E-00 

0.66R72E 01 0.48018E-00 

0.64818E 01 0 . 4 6 8 7 8 t - 0 0  

0.63039E 01 0.45843E-00 

0-60032E 01 0.48637E-00 

0,65806E 0 1  0 . 4 7 4 3 3 t - 0 0  

0.63899E 01 0.46349E-00 

Q-62232E 01. 0,45358E-00 
0 . 6 1 4 7 1 f  01 0.44891E-00 
0*60751E 01 0 .44441E-00  
0 . 6 0 0 6 7 t  01 0.44006E-00 

0.58796E 01 0.43176E-00 
0.59417E 01 0 - 4 3 5 8 5 E - 0 0  

0s58202E 01 0.42779E-00 
0.57633E 01 0.42392E-00 
0.57086E 01 0.42015E-00 
0.56559E 01 0 .41647E-00  
0.56051E 01 0.41286E-00 
0.55560E 0 1  0.40933E-00 

0.54622E 01 0.40246E-00 
0.54173E 01 0.39310E-00 
0.53735E 01 0.39579E-00 
0.53308E 0 1  0.39252E-00 
0.52890E 01 0.38928E-00 
0.52480E 01 0.38608E-00 
0.52078E 01 0.38289E-00 

Q.55084E 01 0.40586E-00 

0.51682E 01 0.37972E-00 

P / D  

0.13468E 0 1  
0.13564E 01 
O d 3 6 5 5 E  0 1  
0.13743E 01 
0.13828E 01 
0.13909E 01 
O.13988E 01 
0.14065E 01 

0.14214E 01 
0.14285E 01 
0.14356E 0 1  
0.14425E 0 1  
0.14493E 01  
Q.14560E 01 
0.14627E 0 1  
0.14692E 01 
0.14757E 0 1  

- 0 . 1 4 8 2 l E  01 
0.14885E 01 
Q . 1 4 9 4 8 L  91 
0.15012E 0 1  
0.15075E 01 
0 .15137L  01 

0.15263E 01 

011414QE 0 1  

0.152COE 01 

0.15454E -01.  

I NC RE ME NT AI. 
L F N G T H  

0.70933E 00  
Q . 6 4 1 6 7 t  90  
0.58577E 0 0  
0.53880E 00  
0.49877E-00 

0.43418E-00 
0 ~ 4 0 7 7 4 E - 0 0  
0.38448E-00 

0.34523E-00 

0 . 4 6 4 2 5 t - 0 0  

0.363771;-00 

0.32855E-00 
0 3 1 3 5  1 ~ - 0 0  
0 -2 9 9 8 9 . E r O  o_ 
0 .28753E-00  
0 . 2 7 6 2 8 t - 0 0  
0 . 2 6 6 0 4 t - 0 0  

0 . 2 4 8 1 9 t - 0 0  
0.25670E-00 

QL24Q42t-00 
0 .23335k -00  
0.22691E-00 
0.22108t-00 
0 . 2 1 5 8 0 t - 0 0  
0.21106E-00 

NU S H t L l  

0 .12042E 0 2  
0.12118L 0 2  
0d219LL 0 2  
0.12261E 0 2  
0.12328E 0 2  
0.12393F 02 
0 . 1 2 4 5 6 t  02 
0 .12518L  02 

L 1 2 5 7 0 E  0 2  
0 . 1 2 h 3 7 t  02 
0.12674F 02 
0.12751k 0 2  
0.12807E 0 2  
0.1286LE 02 
0.123 16f__OZ 
0.1297011 02 
0.13023F 0 2  
0.130756 02 
O..l3127E 02 
0.13179E 02 
0.13231E - - _ _ _ _  02  
0.13282E 02 
0.13334E 0 2  
0 . 1 3 3 8 5 t  02 
0 . 1 3 4 3 6 t  0 2  
0.13488E 02 

0 .20684E-00  __________ 0.13540E 0 2  
0.20313E-00 0.13592E 02 

- -  - - -  - 

. D a 1 1 9 1 5 f L a L - L l D 4 1 7 L 0 4 .  
0.11926E 0 4  0.10400E 0 4  

0.11947E 0 4  0.103276 0 4  
D,1195_7L& I ) , U Z Y O L  0 4  
0.11966E 0 4  0.10254E 0 4  
o,119_71L ab- D , 1 O V 7 L  9-4 
0 . 1 1 9 8 3 t  0 4  0 .10181€  0 4  
f l - 1 1 9 9 0 F  0 4  0 4  
0.119966 0 4  0.10108t 0 4  
f L 1 Z D D L  a4 - D,101)n.E D4 
0.12005E 0 4  0.10035E 0 4  

9 7 7 ~  n4-.- 

. D d + a Z L 5 E - D O  
0.39662E-00 

0.38569E-00 
0 . 3 8 0 2 4 t - 0 0  
0.37477E-00 

0.36362E-00 
0.35732E-QQ 
0.35170E-00 

0.33748E-00 

1 ~ 1 9 1 1 4 ~ - 0  n 

DB36925E-00 

On34457E-00 

0,51292E 01 
0.50906E 01 
0,50523E 01 
0.50142E 01 

0.49379E 0 1  

0 - 4 8 6 0 0 E  01 

0.47767E 01 

0.46773E 0 1  

0,49761E 01  

0,48993C 0 1  

Ds48194E 0 1 .  

0,47269E D l  

0.37656E-DO 
0.37339E-00 

0.36703E-00 

0.36054E-00 
0 e 3 5 7 2  I € - 0 0  
0.35377E-00 
Q 35 O l E - Q Q  
0.34b36E-00 
0 s 331418 4E-00 
0.33728E-00 

0.37022E-0@ 

0.36381E-00 

0.15519E 01 
0.15585E 01 

0.15719E 01 
0.15789E 01 
0.15860E 01 
.0.15934E 01 
C . l b O l l t  01 

A U Q  92 L Iu-_ 
0.16182E 0 1  
09lbZ8B.t. 4 1 .  
0.16398E 01 

0.15651E Ql 
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TABLE 4 

Printout  Nomenclature  

Svmbol 

CON LENGTH 
DEQ SHELL 

D P  CON TOT 

D P  ENT TOT 
D P  EXT TOT 
D P  SHELL CON 

D P  SHELL IN 
D P  SHELL OUT 
D P  SHELL SUB 

D P  SUB TOT 

C SHELL 

C TUBE 

ID SHELL 
OD TUBE 
SHL FLUID WT 
SHL WALL W T 
SUB LENGTH 
SUM D P  SHELL 

SUM D P  TUBE 

TOT LENGTH 

TOTAL WT 

Description Dimensions 

length of condensing region 
equivalent diameter  of tube bank 

total  p r e s s u r e  differential  of tube fluid 
(on she l l  s ide)  

f r o m  entrance of tube to end of condensing 
region 

en t rance  total p r e s s u r e  l o s s  of tube fluid 
exit  total  p r e s s u r e  l o s s  of tube fluid 
total  p r e s s u r e  l o s s  of she l l  fluid a c r o s s  

en t rance  total p r e s s u r e  loss of she l l  fluid 
exit total  p r e s s u r e  l o s s  of shel l  fluid 
total  p r e s s u r e  loss of shel l  fluid a c r o s s  

total  p r e s s u r e  differential  of tube fluid 

length of condensing region 

length of subcooling region 

f r o m  beginning of subcooling region to 
the tube exit 

of condensing region 

of condensing region 

m a s s  velocity of shell, fluid a t  en t rance  

m a s s  velocity of tube fluid a t  en t rance  

she l l  inside diameter  
tube outside diameter  
total weight of shel l  fluid inventory 
weight of shel l  wall  
length of subcooling region 
sum of she l l  fluid total  p r e s s u r e  l o s s e s  

(including entrance and exit  l o s s e s )  
total  p r e s s u r e  differential  of tube fluid 

f rom inlet  manifold to exit manifold 
combined length of condensing and sub-  

cooling regions 
combined weight of she l l ,  tubes ,  tube-  

shee ts  and fluid inventor ies  (does not 
include manifold weights) 

inches 

inches 

psi 
psi  
ps i 

ps i  
psi 
psi  

ps i 

ps i  

l b s / h r  f t2  

l b s / h r  f t2  
inches 
inches 
lbs  
lb s 
inches 

psi 

psi 

inches 

lb s  

CAQC NO. 14 
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I 
1 
8 
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1 
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PWA-2 370 

TABLE 4 (Continued) 

De sc r iption Dimensions 

TUBE FLUID WT l b  s 
TUBE SHEET WT total weight of tubesheets  lb  s 
TUBE WALL WT total weight of tubes Zb s 
V SHELL IN velocity of shell  fluid a t  she l l  en t rance  ft/sec 
V SHELL OUT velocity of shel l  fluid a t  she l l  exit  f t / s e c  
V TUBE IN vapor velocity a t  tube en t rance  ft/sec 

total weight of tube fluid inventory 

Note: Negative values of p r e s s u r e  differential  denote a p r e s s u r e  r i s e ,  
positive values a p res su re  drop  

CAQCNO. 15 
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CRATT L WHITNCY AIRCRAFT 

k 
a) 
Y 

Id 
b' 
4-J c 
Id 
U 
v) 
c 

I n 0  u 

U 

7 
0 
c u .+ 

a" 

x 
Y 

c 
0 

V 
Q) 
v) 

bl 
c 
0 
0 
V 
P 
7 
v) 

.r( 

U 

..-( 
d 

a) 
k 
7 
v) 

v) 
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c 
T 
4 
5 

S 
C 

.r 
ci 

c; - 
c 
0 

V 
Q) 
ul 
bl 
c 
0 
0 
0 
P 
7 
v) 

..-I 
u 

..-I 
4 

u k  
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u 

c 
0 

V 
Q) 
v) 

M 
c 
(0 

c 
e, a 
c 
0 

.d 
c, 

.d 

PWA-2370 

Id 

k 
Q 
P 

1 c 
E 

m 

A 

k 
e, 
Q) 
c, 

E 

Y 

c a 
e, 
I 
c 
c 
0 u 
c 
0 

V 
0) 
m 
Clf 
e 

.d 
c, 

Y 

.d 
c., 

.r( 

a, 
M 
rd 
A 
V 
0 z 

Id 
b" h a 5 

I 
C 

.r( 

a 
e, 
k 
Q) a 
rd 
t-c 

I 

c, 
c 
0 u - 
m 

6( 
0 

.d 4 h 

E 
k 

c4" 
w 
4 

" 
c 
Q) +u 
c 
0 h 

e, " u  

U H -  

+a 
1 
0 

e 
c, 

.d 

a" 

h 

b( 
0 
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APPENDIX 2 

Methods of Calculating Condensing Heat T rans fe r  
Coefficient 
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APPENDIX 2 

Methods of Calculating Condensing Heat T r a n s f e r  Coefficient 

The re  are present ly  t h r e e  methods of calculating condensing heat  t r a n s  - 
f e r  coefficients buil t  into the program.  The option the p rogram u s e s  to  
ca lcu la te  the condensing heat t ransfer  coefficient i s  de te rmined  by 
input. 

Option I - Carpen te r  and  Colburn Method 

The condensing heat t r ans fe r  coefficient i s  calculated using the fol 
equations obtained f rom the  Carpenter  and Colburn co r re l a t ion .  

the 

owing 

F o r  turbulent film: 

= 0 . 0 4 3  PrL '/2 kL PL d m  
hcond PL 

F o r  l a m i n a r  film: 

where:  Pr,L = Prand t l  number of liquid 
kL = t he rma l  conductivity of l iquid 
P L  = densi ty  of liquid 

I C L  = dynamic viscosity of l iquid 
Twall = s h e a r  s t r e s s  a t  wall  

gc = Newton's conversion factor  
r = mass flow ra te  of condensate  per  unit of tube 

c i r cumfe r  enc e 

The wall s h e a r  s t r e s s  is calculated using the Lockhart  and Mart inel l i  
two-phase flow p r e s s u r e  loss cor re la t ion .  
s ing hea t  t r a n s f e r  coefficients using the Carpen te r  and Colburn method, 
input a value of one (1 )  for  IKON in the proper  column of control  c a r d .  

In o r d e r  to  calculate  conden- 

Option I1 - Fi lm Conduction Method, Transi t ion Cr i t e r ion  of Lockhart  
and Mart inel l i  

-- -- 
- 
A condensing heat t r a n s f e r  coefficient is ca lcu la ted  assuming that  t h e r e  
is  a l i nea r  t e m p e r a t u r e  prof i le  a c r o s s  the liquid fi lm and that the liquid 
film thickness  can  b e  calculated using the Lockhart  and Mar t ine l l i  l i -  
quid f rac t ion  co r re l a t ion .  
to  ad jus t  the ca lcu la ted  value to give c l o s e r  ag reemen t  with exper imen-  
ta l ly  de te rmined  condensing heat t r a n s f e r  coeff ic ients .  

This r e su l t  is  then multiplied by a constant  
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Di where:  6~ = l iquid fi lm thickness = - ( 1  - J ~ L )  
2 Di = inside d iameter  of tube 

R L  = Lockhart  and Martinell i  l iquid f rac t ion  

To u s e  this option input a two ( 2 )  in the column of t he  cont ro l  c a r d  
m a r k e d  IKON. 
found to  give reasonable  agreement  with existing condensing data  for  
po tass ium when the Schrage effect  is excluded f r o m  the calculation. 
A value of 1 .0  for AFUDGE should be used  i f  the Schrage  effect  is to 
b e  included. 

A value of 0. 3 for AFUDCE (see data  c a r d s )  has  been 

Option I11 - Fi lm Conduction Method, Trans i t ion  Cr i t e r ion  of Rohsenow - 

This option ca lcu la tes  condensing coefficient in a manner  s i m i l a r  t o  that 
of Option 11. The only difference i s  that the l iquid fi lm flow r e g i m e  of 
Lockhart  and Mart inel l i  is based upon Rohs.enow's t rans i t ion  c r i t e r i o n  
desc r ibed  in Repor t  P W A - 2 3 2 0 ,  Volume 1 ,  Section IV. D. To u s e  th i s  
method input a t h r e e  ( 3 )  in the column of the cont ro l  c a r d  m a r k e d  IKON. 

Schrage  Effect 

The condensing hea t  t r ans fe r  coefficient is calculated assuming that 
t h e r e  a re  two r e s i s t a n c e s  to the f low of heat  f rom the vapor c o r e  to the 
wall  (Schrage  effect): 

1 .  The liquid f i lm,  and 
2 .  The in te r face  between the vapor c o r e  and the l iquid f i lm 

This  i s  accounted for  by calculating s e p a r a t e  heat  t r ans fe r  coefficients 
f o r  the fi lm and for the interface by the express ion  

1 

t -  
hfilrn hSc h rage  

- 
1 hcond - 1 -- 

hfilm i s  calculated in accordance with the option chosen  ( I ,  11, or 111). 
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hSchrage is calculated f rom the relat ion 

hSchrage =(&)( $) ” ( $) 3/2 ( p v  SA’) A 

TV 

where :  R = universal  gas  constant 
M = molecular  weight 
Pv = sa tura t ion  p r e s s u r e  
Tv = sa tura t ion  t empera tu re  (absolute)  
X = la tent  heat of vaporization 
u = SIGMA = (number of molecules  s t r ik ing  in te r face  which 

condense)/(total  number of molecules  s t r i k -  
ing surface)  

Recommended values of SIGMA range  between 0.0168 and 0 .045  to show 
ag reemen t  with existing condensing potassium heat  t r a n s f e r  data .  

Input Arrangement  for  Schrage  Effect 

To include the Schrage  effect in the calculat ions,  input a one ( 1 )  for  
ISCHRJ in the proper  control c a r d  column and input values  of SIGMA 
and  ZMOL in the proper  data c a r d  location. If Schrage  effect is not to  
be  included, input a z e r o  ( 0 )  for ISCHRJ and  omi t  input fo r  SIGMA and 
ZMOL. 

8 

I 
m 
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APPENDIX 3 

Definitions of Blockage, Tube Entranc,e 
Loss Coefficient Modifier,  Number of 
Tube Rows ,  Tube Tape r ,  Shell Tape r ,  

Shell Ent rance  and  Exit P r e s s u r e  Loss Coefficients 

i 
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APPENDIX 3 

Definitions of Blockage, Tube Ent rance  Loss Coefficient 

Shell Entrance and Exit P r e s s u r e  Loss Coefficients 
Modifier,  Number of Tube Rows,  Tube T a p e r ,  Shell Tape r ,  and 

B1 oc kag e 

The blockage B is defined as the r a t io  of blocked area of the she l l - s ide  
fluid to  the frontal  a r e a  of the shel l ,  ( total  c ros s - sec t iona l  area of tubes)/  
( f rontal  area of she l l ) .  
which co r re sponds  to the blockage when tubes a r r anged  in a hexagonal 
pat tern have in te r fe rence .  

2% The maximum pe rmis s ib l e  blockage i s  

Tube Ent rance  Loss Coefficient Modifier 

The tube en t rance  l o s s  coefficient modifier PHUJ is defined as a factor  
C which accounts for the effect of a rounded inlet  in the tube en t rance  
l o s s e s  in the equation 

PV 
P = CK- 

2gc 

PV2 
Where 7 = velocity head of fluid a t  tube en t rance  

gC 
K = total  p r e s s u r e  l o s s  coefficient for  sharp-edged  

sudden contraction (a function of a r e a  r a t io  and 
Reynolds number,  calculated within the program)  

F igu re  1 indicates  the values of the f ac to r  C a s  a function of the rad ius  
of rounding divided by the tube diameter .  

Number of Tube Rows 

Number of tube rows is def inedas  the number of concentric c i r c l e s  
o r  hexagons on which the tubes a r e  spaced (including the tube located 
a t  the c e n t e r )  as i l lus t ra ted  in the ske tch .  

CAQC NO. 2 3 



CRATT & WHITNCY AIRCRAFT 1 

o 

0 
I- o 

a 

2 

PWA-2370 

REF. CURTISS WRlGH T CORPORATION 
REPORT R-109 

0 

F i g u r e  1 

0.0 4 0.08 0.12 0.1 6 0.20 

Contraction P r e s s u r e  L,oss Coefficient to Account for 
Rounded In le t s  

PAOC NO. 24 



CRATT WHITNCY AIRCRAFT 

~- 

PWA-237 0 

Tube Taper  - 

The tube t ape r  GAMT is defined as the per  cent  d e c r e a s e  of tube in-  
s ide  d iameter  per  unit of condenser  length ( l / f t ) .  
of l i nea r ly  t ape red  d i ame te r ,  the tube inside d i ame te r  a t  any point i s  
de te rmined  by 

Therefore  for  a tube 

Dl  = Do [ 1 - (GAMT) (a)] 

where  11 = distance f rom condenser  en t rance  
Do = tube inside diameter  a t  condenser  en t rance  

DA = tube inside diameter  a t  a location 1 fee t  f r o m  ent rance  

Shell Taper  

The she l l  t aper  GAMS is the per cent  d e c r e a s e  of she l l  inside d i ame te r  
pe r  unit of condenser  length ( l / f t ) .  F o r  a she l l  of l i nea r ly  t ape red  dia-  
m e t e r ,  the shel l  inside diameter  a t  any point a feet  f rom the en t rance  
i s  de te rmined  by 

w h e r e  11 = distance f rom condenser  en t rance  
(SD), = she l l  inside diameter  a t  condenser  en t rance  

F o r  constant  d i ame te r  heat exchangers ,  s e t  GAMT = 0. 0 and GAMS = 0 .  0 

Shell Ent rance  P r e s s u r e  Loss Coefficient 

The  shel l  en t rance  p r e s s u r e  lo s s  coefficient ALPHA 1 i s  defined a s  the 
total  p r e s s u r e  l o s s  due to expansions and  cont rac t ions  of the  she l l - s ide  
fluid,  expres sed  in t e r m s  of the number of velocity heads calculated 
f rom the shel l  fluid velocity and density a t  the en t rance  of the she l l .  
The following types of p r e s s u r e  drop  can  b e  calculated b y  u s e  of a pro-  
pe r ly  se lec ted  value of ALPHA 1 

1 )  
2)  
3 )  

Expansion l o s s  f rom feed pipe o r  pipes to the inlet  manifold,  
Loss through or i f ice  separat ing inlet manifold and she l l ,  
L o s s  due to rad ia l  flow between tubesheet and or i f ice  plate 
( s e e  Repor t  PWA-2320, Volume 1 ,  Section IV. E., Appendix E ) ,  
and 
Loss through a n  or i f ice  plate .  4) 
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The value of ALPHA 1 is  the sum of the l o s s  coefficients a s soc ia t ed  
with each  type of loss when modified to account for  area ra t io s .  
example a typical p r e s s u r e  loss for  flow of a liquid through an  o r i f i ce  
i s  2 . 7 8  velocity heads based  upon the or i f ice  flow a r e a .  
pe r ly  u s e  th i s  information in determining ALPHA 1 ,  the coefficient 
2 . 7 8  m u s t  b e  multiplied by the squa re  of the r a t io  of o r i f i ce  flow area 
to the flow a r e a  a t  the shel l  en t rance .  
f e rences  for  var ious loss coefficients in Section IV.  E. 

For 

Thus,  to pro-  

Repor t  PWA-2320 d i scusses  r e -  

Shell Exit P r e s s u r e  Loss Coefficient - - 

The she l l  exit  p r e s s u r e  l o s s  coefficient ALPHA 2 i s  defined s imi l a r ly  
to ALPHA 1 except that the velocity head i s  calculated f rom the shel l  
fluid velocity and density a t  the exit of the she l l .  
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APPENDIX 4 

E r r o r  Pr in touts  

PWA-2370 

The p rogram contains numerous  t e s t s  to s top  a case in the event that a n  
a t tempt  is made  to  design a physically imposs ib le  condenser .  If a c a s e  
is  t e rmina ted  in this manner ,  an  e r r o r  printout o c c u r s .  E r r o r  pr int-  
outs  indicate why the c a s e  was  terminated and,  in many instances,  in- 
c lude the r e su l t s  calculated up to the  t i m e  the program stopped. 

E r r o r  printouts occur  if: 

The value of a n  independent var iab le  is beyond the range  of a n  

A negative incremental  length i s  calculated,  
An incrementa l  length is  calculated to b e  z e r o ,  
An imaginary  incremental  length i s  calculated ( the  s q u a r e  root  of 

a negative number en te r s  into the calculation),  
The p rogram fails to converge on increment  length,  
The calculated t empera tu re  out of the condensing sect ion is l e s s  

The tube fluid t empera tu re  is less than o r  equal to the shel l  fluid 

A c a s e  having a tapered  shell with constant d iameter  tubes is 

input pr o pe r t y c u r ve , 

than o r  equal to the input tube fluid exit t empera tu re ,  

t empera tu re  at a n  axial  location, 

input, 
A c a s e  having no condensing sect ion 
Tube d iameter  is  l e s s  than the input 

( s e e  data c a r d s )  
The shell  d iameter  is too smal l  ( t he  

lr 
blockage >- 

2 6  

(XINT = 0.  0) i s  input, 
min imum diameter  DIMIN 

tubes have in te r fe rence  - i .  e . ,  

If t e rmina t ion  is caused  by Item 1 ,  the e r r o r  printout will indicate the 
locat ion ( p r o g r a m  s ta tement  number)  where  the curve- reading  subrout ine 
w a s  used .  In addition, the value of the independent var iable  that was  
of f - sca le  is printed.  This e r r o r  printout a l s o  l i s t s  a KK number  in-  
dicating at  which end of the sca le  the c u r v e  w a s  out of range .  KK = 
1 indicates  that the independent var iable  was  l e s s  than the minimum in-  
put value.  KK = 2 indicates that the independent var iable  was  g r e a t e r  
than the maximum input value.  
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If terminat ion is caused  b y  a n  excess ive  t ape r  ( I t ems  10 a n d / o r  1 1 )  the  
printout will l i s t  GAMS, GAMT, DL2, and DLN1. DL2 and  DLNl a r e  
the l a s t  values of the last incremental  lengths calculated during the 
i terat ion rout ines .  
length in the condensing region and DLNl co r re sponds  to  that of the 
subcooling region. 
of feet  instead of inches,  as in the main  printout.  If the r eason  for  
terminat ion is Item 10, the value pr inted for  GAMT will  be one-half 
the input value and  GAMS is  printed out as the input value.  
son  for  terminat ion is Item l l ,  the value pr inted for GAMS will  b e  one- 
half the input value and  GAMT is pr inted out as the input value.  The 
compar ison  of these  values with the input values of GAMS and GAMT 
al lows the analyst  to de te rmine  which of the two t a p e r s  (or both) caused  
the e r r o r .  

DL2 co r re sponds  to the l a s t  calculated incrementa l  

These  incremental  lengths a r e  pr inted out in units 

If the rea-  

In calculating the she l l - s ide  heat t r ans fe r  coeff ic ients ,  a b ivar ian t  fit 
of she l l - s ide  Reynolds number  X and pi tch- to-diameter  r a t io  Y i s  used 
to obtain eddy diffusivity of momentum divided by kinematic viscosi ty  
E m / v  = Z .  If the X a n d / o r  Y values a r e  of f - sca le  ( s e e  ske tch) ,  the 
p r o g r a m  will not s top  but will u s e  a n  appropr ia te  end-point value f rom 
the  bivar iant  fit.  The shel l  fluid Reynolds number (Xva lue ) ,  a n  e r r o r  
number  ( ignore) ,  the p rogram statement  number  where  the bivar iant  
f i t  is being used,  and a KK value to  indicate w h e r e  the c u r v e  had insuf- 
ficient range ,  a r e  all printed out. 

I 
X 
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These  values appear  ahead of the printout l i ne  for the increment  for  
which the calculations w e r e  being pe r fo rmed  in Block 2 .  More than one 
e r r o r  printout of a kind can  occur for a pzr t icu lar  increment  on t ape red  
condense r s ,  especial ly  when the i te ra t ive  procedure  i s  used.  In addi -  
t ion,  m o r e  than one kind of e r r o r  can occur  in the calculation for a 
par t icu lar  increment .  

The per t inent  p r o g r a m  statement numbers  for bivar ian t  f i t  e r r o r s  a r e :  

61 1 r e f e r s  to the condensing region for  a tapered  cas'e, 
613 r e f e r s  to the inlet of a n  increment  in the condensing region 

615 r e f e r s  to the exit of a n  increment  in the condensing region 

1760 r e f e r s  to the inlet of an increment  in the subcooling region 

1762 r e f e r s  to the exit of a n  increment  in the subcooling region 

1764 r e f e r s  to the subcooling region for a tapered  c a s e .  

(cons tan t -d iameter  case ) ,  

(constant -d iameter  c a s e ) ,  

(constant-diameter  case ) ,  

(constant  - diameter  c a s  e ) ,  and 

The KK values for the bivariant fit e r r o r  printouts a r e  

KK 1 
KK2 
KK3 
KK4 
KK5 
K K 6  
KK7 
KK8 

off-scale  a t  X minimum 
off-scale  a t  X maximum 
of f - sca l e  a t  Y minimum 
off-scale  a t  X minimum and Y minimum 
off-scale  a t  X maximum and Y minimum 
off-scale  a t  Y maximum 
of f - sca l e  a t  X minimum and Y maximum 
off -sca le  a t  X maximum and Y maximum 
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